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TECHNICAL MEMORANDUM X-53452 

PROBABILITIES OF ZERO WIND SHEAR PHENOMENA 
BASED ON RAWINSONDE DATA RECORDS 

Lawrence E.  Truppi 

George C. Marshall  Space F l i g h t  Center 

Huntsv i l le  , Alabama 

ABSTRACT 

The term ze ro  wind shear  is defined f o r  the condi t ion  where winds 
a l o f t  a t t a i n  speeds of 36 m/sec or  h igher  and p e r s i s t  through a v e r t i c a l  
d i s t a n c e  such t h a t  t h e r e  i s  maintained a vec to r  wind shear  i n  t h e  i n t e r -  
val 55 m/sec p e r  ki lometer  between success ive  1-ki lometer  l e v e l s .  

Data are  obtained from two RAWIN observa t ions  per  day f o r  f i v e  
yea r s  from Santa Monica, Cal i forn ia .  Both d a t a  decks were e d i t e d ,  
checked and s e r i a l l y  completed before  use.  Resul t s  a r e  presented as 
graphs of zero  shea r  thickness  versus  peak wind speed,  and as empir ical  
Drohahil i t i p s  nf  ncc l~r rence  cf zerc! ?.?ifid shear c ! x r ' i t i c n s  a t  al t%tr ;des 
above and below the  mean he ight  of t he  l e v e l  of peak wind. P r o b a b i l i t i e s  
of t o t a l  depth of zero wind shear  a r e  a l s o  presented .  
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TECHNICAL MEMORANDUM X-53452 

PROBABILITIES OF ZERO W I N D  SHEAR PHENOMENA 
BASED ON RAWINSONDE DATA RECORDS 

SUMMARY 

The term zero  wind shear  i s  defined f o r  the  condi t ion  where winds 
a l o f t  a t t a i n  speeds of 36 m/sec or h igher  and p e r s i s t  through a ver t ica l  
d i s t a n c e  such t h a t  t h e r e  is maintained a vector wind shear  i n  the  i n t e r -  
val 5 m/sec per  ki lometer  between success ive  1-k i lometer . leve ls .  

Data are obtained from two R A W I N  observa t ions  p e r  day f o r  f i v e  
years  from Santa Monica, Ca l i fo rn ia .  Both da t a  decks were e d i t e d ,  
checked and s e r i a l l y  completed before  use.  Resul t s  are presented as 
graphs of zero  shea r  th ickness  versus  peak wind speed, and as e m p i r i c a l  
p r o b a b i l i t i e s  of occurrence of zero wind shea r  condi t ions a t  a l t i t u d e s  
above and below the  mean he igh t  of t he  i eve l  of peak wind. P r o b a b i l i t i e s  
of t o t a l  depth  of zero  wind shear  are a l s o  presented.  

I. INTRODUCTION 

This s tudy  is concerned wi th  i n v e s t i g a t i n g  t h e  th ickness  of b lun t -  - - - -  L I C ~ ~  of -<sitlcs,', ~ 5 ~ 2  prcfiles Fr? +he atmosphere above and below t h e  
level of maximum speed. I n  an e a r l y  s tudy ,  Re i t e r  [l] used the  term 
"Layer of Maximum Wind" (W) t o  desc r ibe  a condi t ion  of small v e r t i c a l  
change of wind through the  a l t i t u d e  of peak speed. 
of W as the  l aye r  i n  which wind speed d i f f e r s  by l e s s  than 10  percent  
from the  mean wind of t he  LMW, or by about  20 percent  from the  peak 
speed. The mean wind o t  the LMW w a s  def ined  as 90 percent  of the psak 
speed. The LMW is def ined he re  as  a depth  i n  the  troposphere and/or  
s t r a t o s p h e r e ,  from 3 km t o  21 km, where a vec to r  wind shear  is main- 
t a ined  w i t h i n  the  l i m i t s  k5 m/sec p e r  k i lometer  above and below a 
level of peak wind speed of 36 m/sec o r  h igher .  
t i o n  of LMW than Reiter 's .  

He def ined  the  depth  

This is a f i n e r  d e f i n i -  

R e i t e r  l imi t ed  h i s  LMW ana lys i s  t o  sounding wi th  mean l a y e r  winds 
of 60 k t  (31 m/sec) o r  higher  and t o  depths up t o  5 km so that j e t  
stream p r o f i l e s  would not  become obscured. H i s  primary concern w a s  t o  
employ the  LMJ a n a l y s i s  t o  inves t iga t e  j e t  s t ream phenomena both  ve r t i -  
c a l l y  and ho r i zon ta l ly .  This study was  motivated by the need of design 
c r i t e r i a  f o r  space veh ic l e s  that must pene t r a t e  the atmosphere during 
condi t ions  of very  high winds a l o f t .  This a n a l y s i s  provides a n  i n v e s t i  
g a t i o n  of t h e  th ickness  of the  LMW as represented  by the  wind p r o f i l e  
b lun tness .  



As a space v e h i c l e  ascends and e n t e r s  l aye r s  of the  atmosphere 
where wind speed and d i r e c t i o n  change wi th  a l t i t u d e ,  an  overturning 
moment w i l l  be produced. The response of a launch veh ic l e  t o  wind can 
be compensated, t o  a l a r g e  degree,  by con t ro l  system des ign ,  i f  the 
magnitudes of poss ib l e  wind speed and d i r e c t i o n  changes wi th  a l t i t u d e  
(wind shear )  a r e  known during the  design phase.  Therefore ,  i t  is  neces- 
sary* t o  es t imate  the v e r t i c a l  e x t e n t  of the  wind bui ldup t h a t  produces 
the shea r ,  the b luntness  of the wind p r o f i l e  t h a t  i nd ica t e s  the th ick-  
ness of the  LMW, and the v e r t i c a l  depth of wind decreases  above the LMW. 

Appreciation i s  extended t o  M r .  W i l l i a m  W .  Vaughan of the George 
C .  Marshal l  Space F l i g h t  Center ,  who i n i t i a t e d  t h i s  s t u d y  and whose 
comments were inva luable  i n  the p repa ra t ion  of t h i s  paper.  Personnel 
of the  N a t i o n a l  Weather Records Center prepared the necessary computa- 
t i o n s  and graphs.  

11. DATA 

A. Sources 

The b a s i c  RAWIN d a t a  recorded a t  6 -  t o  12-hour i n t e r v a l s  a r e  
s u b j e c t  t o  a b i a s  due t o  a decrease i n  the  number of wind observa t ions  
wi th  increase  i n  a l t i t u d e .  Court [ 2 ]  d iscussed t h i s  b i a s  wi th  regard t o  
i t s  e f f e c t  on means, s tandard  dev ia t ions  and c o r r e l a t i o n  c o e f f i c i e n t s ,  
and he noted cons i s t en t  t rends ,  r a t h e r  than random f l u c t u a t i o n s ,  f o r  
the  means and s tandard  dev ia t ions  of wind components as the  sample s i z e s  
a r e  decreased. Charles [ 3 ] ,  who a l s o  made a s tudy  of t h i s  b i a s ,  sug- 
ges ted  t h a t  s u i t a b l e  es t imates  of missing wind d a t a  be used t o  augment 
observed data  and s o  reduce the b i a s .  Later, i n  a s tudy  a t  NWRC, t hese  
es t imates  were made a t  two l o c a t i o n s ,  Cape Kennedy, F l o r i d a ,  and Santa 
Monica, Ca l i fo rn ia ,  a s  descr ibed by Essenwanger, e t  a l .  [ 4 ] ,  and the  
r e s u l t s  were so  favorable  t h a t  r o u t i n e  augmentation of RAWIN da ta  was 
begun t o  form Deck 600 ( these  da ta  a r e  a v a i l a b l e  on magnetic tape  upon 
r eques t  t o  NASA - Marshall  Space F l i g h t  Center ,  R-AERO-Y). I n  a r e p o r t  
by Crutcher  [SI, soon t o  be publ ished,  examination of s tandard ized  
moments ind ica t e s  t h a t  the n u l l  hypothesis  of normali ty  of frequency 
d i s t r i b u t i o n  of maximum wind speeds need not  be r e j e c t e d .  It had been 
known t h a t  b a s i c  RAWIN speed data  might be’non-Gaussian (non-normal) due 
t o  l o s s  of observat ions wi th  a l t i t u d e ,  and t h i s  d i s t o r t i o n  would be most 

7k 
For a n  example of the a p p l i c a t i o n  f o r  d a t a  of the  type descr ibed  i n  t h i s  

r e p o r t ,  re fe rence  is made to the r e p o r t  “An Evalua t ion  of a Switched- 
I n t e g r a l  Cont ro l le r  f o r  Load R e l i e f , ”  Report # LMSC/HRECA036684, pre-  
pared by Lockheed Miss i l e s  and Space Co., H u n t s v i l l e  Research & Engineering 
Center ,  Hun t sv i l l e ,  Alabama, under Task L-3, NAS8-11148 f o r  Marshall  Space 
F l i g h t  Center,  1965. 
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no t i ceab le  when i n v e s t i g a t i n g  t h e  upper and lower . r ts  (mean +3 s tand-  
a r d  dev ia t ions )  of the  wind frequency d i s t r i b u t i o n .  
such augmentation of b a s i c  R A W I N  speed d a t a  can produce d i s t r i b u t i o n s  
approximating a normal frequency d i s t r i b u t i o n .  The assumption has been 
made f o r  several years  t h a t  upper winds are normally d i s t r i b u t e d  i n  the  

It now a p p e a r s  that 

b i v a r i a t e  sense.  This assumption is  supported by Brooks and Carru thers  
[61. 

There a l s o  e x i s t s  another  unce r t a in ty  regard ing  b a s i c  RAWIN 
da t a .  A number of au tho r s ,  such as Tolefson [ 7 ]  and Salmela [ 8 ] ,  have 
e labora ted  on e r r o r s  produced i n  wind v e l o c i t y  d a t a  as me'asured by opera- 
t i o n a l  RAWIN equipment of the  var ious weather s e r v i c e s .  
made t o  c o r r e c t  a l l  d e t e c t a b l e  measurement e r r o r s  i n  the  augmentation 
process  that produced Deck 600, bu t  the accuracy of RAWIN da t a  always 
w i l l  be l imi t ed  by the  c a p a b i l i t y  of t he  observing equipment. 

An a t tempt  w a s  

These da t a  were der ived  from RAWIN soundings made by the  s tand-  
a r d  AN/(=MD-lA sounding systems a t  Cape Kennedy, F lo r ida ,  and Santa Monica, 
C a l i f o r n i a ,  which were f u r t h e r  processed by being s e r i a l l y  completed 
(missing da ta  in se r t ed  by i n t e r p o l a t i o n ,  ex t r apo la t ion ,  or use of da t a  
from nearby s t a t i o n s )  by profess iona l  meteoro logis t s .  Two RAWIN observa- 
t i o n s  p e r  day f o r  s ix  years  from Cape Kennedy and fou r  R A W I N  observa t ions  
per  day f o r  f i v e  years  from Santa Monica were a v a i l a b l e .  

NWRC Deck 600 c o n s i s t s  of upper wind data of speed i n  meters 
per  second and d i r e c t i o n  i n  whole degrees from the s u r f a c e  up t o  27 
k i lometers  a t  1 ki lometer  i n t e r v a l s .  The serial  completion process  
p re sen t s  a unique upper wind record,  s i n c e  observa t ions  prev ious ly  
terminated by premature ba l loon  b u r s t s  o r  l i m i t i n g  e l e v a t i o n  angles  a r e  
now completed t o  27 k i lometers .  In a d d i t i o n ,  erroneous data i x r c  c x -  
r e c t e d  from the o r i g i n a l  d a t a  records.  This a f f o r d s  an  oppor tuni ty  t o  
i n v e s t i g a t e  upper wind phenomena unhampered by incomplete d a t a ,  p a r t i c u -  
l a r l y  when s t rong  winds were present  a l o f t .  However, the b a s i c  da t a  
r eco rds  s t i l l  r e f l e c t  average wind v e l o c i t i e s  over about  600 m i n t e r v a l s  
recorded a t  1 kin a l t i t d e  Fn+ervals. Therefore ,  t he  smaller s c a l e  
behavior  of the  wind p r o f i l e  is not recorded. For c e r t a i n  v e h i c l e  
des ign  and ope ra t iona l  problems, t h i s  may be a s i g n i f i c a n t  con t r ibu t ion  
t o  t h e  o v e r a l l  response.  

An optimum upper wind data  record would be one desc r ib ing  each 
wind p ro f i l e  by s i g n i f i c a n t  po in t s ,  such as maxima, minima and i n f l e c t i o n  
b u t ,  unfor tuna te ly ,  the  p re sen t  form of da t a  recorded a t  s p e c i f i e d  a l t i -  
tudes w i l l  probably cont inue s ince  RAWIN networks w e r e  designed t o  serve  
the  needs of synopt ic  meteorology r a t h e r  than research .  

3 



B. Processing and Computation 

A l l  RAWIN d a t a  were subjected t o  a checking program using e l ec -  
t r o n i c  da ta  processing equipment i n  a d d i t i o n  t o  a v i s u a l  check of each 
sounding as  p a r t  of s e r i a l  completion. I f  ind iv idua l  va lues  of wind 
speed or  d i r e c t i o n  f e l l  ou t s ide  predetermined l i m i t s ,  these  were ind i -  
cated and the o r i g i n a l  records  re-examined. 

The presence of an LMW was  determined by examining the h ighes t  
or  peak speed repor ted  i n  each RAWIN sounding. I f  the  peak speed w a s  
36 m/sec or  h ighe r ,  then 1-kilometer l e v e l s  above and below the l e v e l  
r epor t ing  the peak speed were t e s t ed  t o  determine i f  a vec to r  wind 
shear  i n  the i n t e r v a l  ?5 m/sec ex i s t ed  between the l e v e l  of peak speed 
and winds immediately above and below. I f  vec to r  wind shear  exceeded 
t h i s  c r i t e r i o n ,  the  f a c t  w a s  noted and frequency of the event  accumu- 
l a t e d .  I f  t h i s  c r i t e r i o n  was s a t i s f i e d ,  then the  condi t ion  of zero 
shear  was sa id  t o  e x i s t ,  and success ive  1-kilometer l e v e l s  above and 
below were t e s t ed  t o  determine i f  repor ted  winds maintained the same 
zero shear  (W) condi t ion .  This process w a s  continued u n t i l  l e v e l s  
were found, above and below, which d i d  not  main ta in  zero  shear  condi- 
t i on .  Frequencies of the var ious  depths were accumulated f o r  zero  
shear  above and below the  peak l e v e l  as we l l  as the  t o t a l  t h i ckness ,  
from the lowest l e v e l  through the peak t o  the h ighes t  l e v e l .  I f  two 
i d e n t i c a l  peak speeds were repor ted  i n  a sounding, then each peak l e v e l  
w a s  t r e a t e d  s e p a r a t e l y  as i f  they had occurred on d i f f e r e n t  soundings.  
In  s i t u a t i o n s  of mul t ip l e  j e t  cores of d i f f e r e n t  speeds,  the  l e s s e r  
speeds maxima were counted only i n  t h e i r  c a p a b i l i t y  of main ta in ing  zero  
shear  condi t ions above o r  below the  peak l e v e l .  

Frequencies of zero shear  were grouped by observed peak speeds 
represent ing  midpoints of c l a s s  i n t e r v a l s  of 10 m/sec as fol lows:  

Peak Speed 
(ml s e c )  

40 

50 

60 

70 

80 

90 

100 

106+ 

Class I n t e r v a l  
(mlsec) 

36 - 45 

46 - 55 

56 - 65 

66 - 75 

76 - 85 

86 - 95 

96 - 105 

2 106 

4 



Also noted were the  a l t i t u d e s  a t  which the peak speeds were 
A mean he igh t  was determined f o r  each of the  e i g h t  speed repor ted .  

groups as follows: 

Peak Speed Cape Kennedy Santa Monica 
(m/ s e e) (km) (km) 

40 

50 

60 

70 

80 

90 

100 

106+ 

1 2 . 3  

12.0 

11.8 

11 .7  

11.6 

11.6 

11.4 

11.2 

11.1 

10.8 

10.8 

10.6 

10.6 

10.0 

It is  i n t e r e s t i n g  t o  note  t h a t  higher  peak winds have lower 
mean a l t i t u d e s  than the  l e s s e r  peak winds. This holds t r u e  f o r  both 
Cape Kennedy and Santa Monica. 

C. Presen ta t ion  

Zero shear  da t a  a r e  presented i n  summary t abu la r  form as proba- 
b i l i t y  of occuriefice of zcrc  v i n d  shear  phenomena at or  below the  ind ica t ed  
a l t i t u d e  f o r  l e v e l s  higher  than the peak l e v e l ,  as p r o b a b i l i t y  of zero  wind 
shear  phenomena a t  o r  above the indicated a l t i t u d e  f o r  l e v e l s  lower than 
the peak l e v e l ,  and as p r o b a b i l i t y  of occurrence a t  o r  l e s s  than the  
ind ica t ed  t o t a l  depths f o r  spec i f i ed  peak speeds.  Annual and four-seasonal  
p r o b a b i l i t i e s  were tabula ted  f o r  each s t a t i o n .  

Also,  f i g u r e s  were prepared i l l u s t r a t i n g  th icknesses  of ze ro  
shear  above, below, and through the l e v e l  of peak wind a t  t h e  99th  p e r -  
c e n t i l e  l e v e l .  

5 



111. ANALYSIS 

A. Graphical 

Figures 1.1 through 1 .5  and 2 . 1  through 2.5 show t h e  v a r i a t i o n s  
of zero  shear  a t  the 99th p e r c e n t i l e  l e v e l  versus  peak speeds f o r  the 
r e spec t ive  loca t ions  of Cape Kennedy, F lo r ida ,  and Santa Monica, Ca l i fo r -  
n i a .  On an annual b a s i s ,  Figures  1.1 and 2 . 1  and Table I i l l u s t r a t e  t he  
d i f f e r e n c e  between the  two s t a t i o n s .  Upper winds a t  Cape Kennedy reached 
g r e a t e r  speeds than those observed a t  Santa Monica. The fol lowing t a b l e  
i l l u s t r a t e s  observed frequencies  and percentage f requencies  of peak wind 
speeds represent ing  midpoints of c l a s s  i n t e r v a l s  of 10 m/sec. 

TABLE I 

Annual Frequencies and Percentage Frequencies of Peak Wind Speeds 

?eak Speed 

(m/ s e c )  

< 36 

40 

50 

60 

70 

80 

90 

100 

106+ 

Cape Kennedy 
(1/56 - 12/61) 

(F) 

2326 

7 22 

595 

408 

184 

97 

37 

8 

3 

Total  4380 

(XF) 

53.1 

16.5 

13.6 

9.3 

4.2 

2.2 

0.8 

0.2 

0.1 

Santa Monica (1/56l 
~ 

(F) 

4829 

1450 

588 

265 

132 

32 

4 

0 

0 

7 300 

(%F) 

66.1 

19.9 

8.1 

3.6 

1.8 

0.4 

0.1 

0.0 

0.0 

Values of zero  shear  th ickness  decrease  w i t h  inc reas ing  va lues  
of peak wind. As speed a t  the  peak l e v e l  becomes g r e a t e r ,  t h e r e  i s  l e s s  
chance of maintaining a vec to r  shear  of k5 m/sec o r  l e s s  a t  a depth  of 
l -k i lometer  o r  more. For the  t h r e e  cases  of peak wind speeds of 106+ 
m/sec a t  Cape Kennedy, there  w a s  no in s t ance  of ze ro  shea r  being p resen t .  
For the  100 m/sec speed group a t  Cape Kennedy wi th  e i g h t  ca ses ,  t he re  

6 
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was no ins tance  of zero shear  being p resen t .  For the 100 m/sec speed 
group a t  Cape Kennedy wi th  e igh t  cases,  t he re  was no occurrence of zero  
shear  below the  LMW, but  above there  was  an  in t e rpo la t ed  99 percent  
p r o b a b i l i t y  of f ind ing  a depth of 1.2 ki lometer  or  less. This i l l u s -  
t ra tes* the  asymmetry i n  the wind p r o f i l e  found around the  l eve l  of peak 
speed, s ince  i n  these  e igh t  cases  the buildup of wind speed t o  the  peak 
l e v e l  caused a v e c t o r  shear g rea t e r  than 5 m/sec per ki lometer .  
Cape Kennedy the re  appears t o  be a tendency f o r  zero  shear  condi t ion t o  
be g r e a t e s t  above the peak l e v e l ,  while a t  Santa Monica the  opposi te  i s  
apparent ,  a l though the  p r o b a b i l i t y  values  f o r  the  two condi t ions a r e  
c lose ,  i nd ica t ing  a more symmetrical wind p r o f i l e  a t  the l a t t e r  l oca t ion .  

A t  

Figures 1.2 and 2.2 i l l u s t r a t e  v a r i a t i o n s  of zero shear th ick-  
ness versus  peak speeds fo r  the spr ing season (March, A p r i l  and May) 
only,  as indica ted  i n  Table 11. 

TABLE I1 

Spring Season Frequencies and Percentage Frequencies of Peak Wind Speeds 

Peak Speed 

m/sec 

< 36 

40 

50 

60 
7n 
I V  

80 

90 

100 

1 ow 

Cape Kennedy 
(March, A p r i l ,  May) 

(1956 - 1961) 

(F) 

326 

235 

220 

188 

81 

37 

11 

3 

3 

Total  1104 

(%F) 

29.5 

21.3 

19.9 

17.0 

7.3 

3.4 

1.0 

0.3 

0.3 

Santa Monica 
(March, A p r i l  , May) 

(1956 - 1960) 

(F) 

1022 

488 

203 

81 

35 

10 

1 

0 

0 

1840 

(72) 

55.5 

16.5 

11.0 

4.4 

1 .9  

0.6 

0.1 

0.0 I 

- A s  revealed by conventional rawinsonde wind p r o f i l e  measurements. 
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These th ree  months con ta in  the  h ighes t  winds observed a t  Cape 
Kennedy, w i t h  l e s s  shear above the  peak level  than below. Winds i n  the 
80 m/sec speed group a p p e a r  t o  be ve ry  narrow i n  v e r t i c a l  depth w i t h  
s t r o n g  shear  above and below the peak level .  Santa Monica d a t a  p re sen t  
a cons i s t en t  p l o t  i nd ica t ing  a r e g u l a r  decrease of  ze ro  shear depth  w i t h  
i nc reas ing  wind speed. Unlike the  Cape Kennedy curve,  t he  g r e a t e r  shea r  
appears  above the peak l e v e l .  A t  the 40 m/sec group, t h e r e  is  a 99 p e r -  
cen t  p robab i l i t y  o f  f ind ing  t o t a l  th ickness  of  zero  shear  of 8.8 kilom- 
e t e r s  o r  l e s s  from the bottom t o  the  top of t he  maximum wind l aye r .  

Peak Speed 

Figures 1 .3  and 2 .3  present  d a t a  observed dur ing  the summer 
months, June through August. 

Cape Kennedy 
(June, Ju ly ,  August) 

(1956 - 1961) 

TABLE I11 

Summer Season Frequencies and Percentage Frequencies of Peak Wind Speeds 

(F) 

1071 
30 

3 

0 

(%F) 

97.0 
2.7 

0.3 

0.0 

Tota l  1104 

The summer season (Table 111) has 

Santa Monica 
(June, J u l y ,  August) 

(1956 - 1960) 

(F) (%F) 

1667 90.6 
146 7.9 

1 7  0.9 

10  0.6 

1840 

more e f f e c t  on upper wind 
speeds a t  Cape Kennedy than a t  Santa Monica. The few cases  a t  Cape 
Kennedy i n  the 40 and 50 m/sec speed groups have v e r y  narrow wind pro- 
f i l e s ,  b u t  a t  Santa Monica a t y p i c a l  wind p r o f i l e  i s  apparent  a t  40 
m/sec o r  less.  

Figures 1.4 and 2.4 show upper wind cond i t ions  observed dur ing  
t h e  autumn season. 
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TABLE IV 
Autumn Season Frequencies and Percentage Frequencies of Peak Wind Speeds 

(F) 

770  

203 

80 

20 

10 

7 
1 

1 

Peak Speed 

(%F) 

70.5 

18.6 

7 . 3  

1.8 

0.9 

0.6 

0.1 

0.1 

m/sec 

< 36 

40 

50 

60 

70 

80 

90 

100 

Cape Kennedy 
(Sept. ,  O c t . ,  Nov.) 

(1956 - 1961) 

Tota l  1092 

Santa Monica 
(Sept. ,  O c t . ,  Nov.) 

(1956 - 1960) 

(F) 

1378 

3 05 

112 

21 

4 

0 

0 

0 

1820 

(%F) 

75.7 

16.8 

6.2 

1.1 

0.2 

0.0 

0.0 

0.0 

A s  t he  co lder  months (Table I V )  of t he  year  approach, s t ronge r  
winds a l o f t  become more frequent: a t  Cape Kennedy than a t  Santa Monica. 
It is  i n t e r e s t i n g  t o  note  t h e  r e l a t i v e l y  l a r g e  th ickness  a t  Cape Kennedy 
f o r  speeds i n  the  40 m/sec group, a s  compared t o  the 40 mlsec speed 
group i n  the  spr ing  season. 

F igure  1.5 and 2.5 complete the  series of graphs,  and a long  
- - z L a  --LJ 
W L L U  iauie V, they F l l u s t r = t e  variations of peak speeds and zero  shear  
th icknesses  of t he  two s t a t i o n s  i n  the  win ter  season. 
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TABLE V 

Winter Season Frequencies and Percentage Frequencies of Peak Wind 

Peak Speed 

m/sec 

< 36 

40 

50 

60 

70 

80 

90 

100 

Cape Kennedy 
(Dec. , Jan.  , Feb. ) 

(1956 - 1961) 

(F) 

159 

254 

292 

200 

93 

53 

25 

4 

I To ta l  1080 

(%F) 

14.7 

23.5 

27.0 

18.5 

8 .6  

4.9 

2.4 

0 .4  

Santa Monica 
(Dec., J a n . ,  Feb.)  

(1956 - 1960) 

(F) 

762 

511 

256 

153 

93 

2 2  

3 

0 

I 1800 

(%F) 

42.3 

28.4 

14 .2  

8 . 5  

5.2 

1 . 2  

0.2 

0 .0  

Speeds 

Although the th ree  spr ing  months of March, A p r i l ,  and May con- 
ta ined  the  h ighes t  observed winds a t  Cape Kennedy, Table V r e v e a l s  t h a t  
the  50 m/sec speed group has the  h ighes t  frequency of a l l  observed upper 
winds i n  the win te r  season. These c o n s i s t e n t l y  h igh  winds of the  win ter  
season,  when p l o t t e d  i n  Figure 1 .5 ,  r evea l  a p a t t e r n  of th icknesses  t h a t  
v a r i e s  according t o  wind speed group. I n  the  40 m/sec group a t  Cape 
Kennedy, a t o t a l  of th ickness  of zero shear  of 6 .8  k i lometers  a t  t he  
99th p e r c e n t i l e  and an LMW p r o f i l e  wi th  g r e a t e r  th ickness  below the 
peak l e v e l  than above a r e  ind ica ted .  However, a t  60 m/sec,  the  LMW 
p r o f i l e  i s  almost symmetrical .  A t  Santa Monica i n  the  40 m/sec speed 
group, the t o t a l  th ickness  i s  almost the  same as Cape Kennedy, bu t  
th icknesses  above and below a r e  very  c lose  i n d i c a t i n g  a n  almost  sym- 
me tr i c a  1 prof il e .  
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B. P r o b a b i l i t y  Tables 

P r o b a b i l i t y  t a b l e s  have been prepared f o r  each s t a t i o n  which 
ind ica t ed  the  empir ica l  p r o b a b i l i t y  of zero shear  condi t ion  a t  o r  
between the ind ica ted  a l t i t u d e  and the l e v e l  of peak wind  speed. Also 
presented is  the  p r o b a b i l i t y  of zero shear wi thout  regard t o  whether 
above or  below the  peak wind speed a l t i t u d e  level. The no ta t ion ,  <1  , 
i n d i c a t e s  t he  p r o b a b i l i t y  of t he  absence of zero  wind shear  f o r  peak 
speeds of the  ind ica t ed  group. 

These t a b l e s  agree  wi th  a previous s tudy  [9] conducted by NASA 
involved i n  f ind ing  the  maximum thickness  of s t rong  wind l a y e r s  (LMW) a t  
Cape Kennedy, F lo r ida ,  and Santa Monica, Ca l i fo rn ia .  They a l s o  emphasize 
the  po in t s  prev ious ly  made that t h e  l e v e l  of f a s t e s t  speeds lowers wi th  
increas ing  speed, and t h a t  t he  f a s t e r  t he  speed the  narrower t h e  l aye r .  
This is not  unexpected. Reference should be made t o  the  frequency of 
peak speed da ta  g iven  i n  Tables I through V r e l a t i v e  t o  the s t a t i s t i c a l  
s i g n i f i c a n c e  that may be placed i n  Figures 1.1 through 2.5. 

The Annual P robab i l i t y  Table f o r  Cape Kennedy (Table V I )  i nd i -  
c a t e s ,  f o r  example, the following: (a) f o r  peak winds i n  the  40 m / s e c  
speed group, t he  mean a l t i t u d e  of occurrence w a s  1 3  km, (b) f o r  40 m/sec 
peak winds t h e r e  w a s  a 72.7 percent  p r o b a b i l i t y  t h a t  no zero  shear  con- 
d i t i o n  would e x i s t  f o r  1 k i lometer  above the  l e v e l  or a 67.2 percent  
chance t h a t  none would occur f o r  1 ki lometer  below, and (c) t h e r e  w a s  a 
9 3 . 3 ,  or  l ess ,  chance of zero shear  f o r  1 ki lometer  above the  peak wind 
speed a l t i t u d e .  Also,  f o r  peak speeds i n  the  50 m/sec speed group and 
h ighe r ,  the mean a l t i t u d e  of occurrence is  12  k i lometers .  P r o b a b i l i t y  
of t i nd ing  t o t a l  depth of z e r c  shear condi t ion  f o r  a l l  peak speeds i n  a 
speed group r ega rd le s s  of a l t i t u d e  a l s o  are  presented.  
t i o n  i s  presented i n  Table VI1 f o r  Santa Monica, Ca l i fo rn ia .  

S imi l a r  informa- 

IV. CONCLUSIONS 

With 4380 s e r i a l l y  complete RAWIN soundings from Cape Kennedy 
and 7300 s e r i a l l y  complete RAWIN soundings from Santa Monica, t he  d a t a  
a p p e a r  s u f f i c i e n t  t o  e s t ima te  some c h a r a c t e r i s t i c s  of LMW phenomena 
r e l a t e d  t o  the  geographical  loca t ions  of t he  two s t a t i o n s .  Ce r t a in ly  
the  climatic regimes of the two places a r e  d i f f e r e n t .  Santa Monica has 
a c l ima te  t y p i c a l  of the  w e s t  coast  of cont inents  wi th  a c h a r a c t e r i s t i c  
d ry  summer and a r a iny  win te r ,  while Cape Kennedy r ep resen t s  an eas t  
c o a s t ,  s emi t rop ica l  regime w i t h  no d i s t i n c t  d r y  season. 



This s tudy  ind ica t e s  t h a t  the  upper wind cl imatology of the  two 
loca t ions  a r e  d i f f e r e n t  a l s o .  
higher  than 85 m/sec i n  48 soundings, bu t  a t  Santa Monica only 4 cases  
were repor ted .  In  a d d i t i o n ,  the mean a l t i t u d e s  of peak winds were 
repor ted  1 k i lometer  lower a t  Santa Monica than Cape Kennedy, Using 
the  ze ro  wind shear  c r i t e r i o n  t o  determine v e r t i c a l  dimensions of LMW 
occurrences,  i t  was found t h a t  W ' s  were th inne r ,  and the re fo re  the  
wind shear  g r e a t e r ,  above and below the  peak speed l e v e l  a t  Cape Kennedy. 
Moreover, t he  W ' s  were asymmetrical i n  v e r t i c a l  dimension wi th  g r e a t e r  
thickness  below the peak l e v e l  than above. A t  Santa Monica, the  U4W was 
more symmetrical, and g r e a t e r  i n  t o t a l  depth.  

A t  Cape Kennedy Peak winds were repor ted  

S e r i a l l y  complete RAWIN d a t a ,  such as employed i n  the  s tudy ,  
r ep resen t  the b e s t  a v a i l a b l e  source of upper a i r  wind p r o f i l e  records .  
Raw RAWIN data,  as repor ted  from the  f i e l d ,  make a poor base f o r  i n v e s t i -  
ga t ions  concerned wi th  s t rong  winds a l o f t  due t o  the  l o s s  of bo th  observa- 
t i ons  and accuracy i n  per iods of very  high winds a l o f t  using the  A N / O - l A  
sounding s y s t e m ,  and any computations using such b a s i c  RAWIN da t a  would 
s u f f e r  accordingly.  However, even using the  s p e c i a l  s e r i a l l y  complete 
RAWIN d a t a ,  wind observat ions a t  l -k i lometer  i n t e r v a l s  can m i s s  s i g n i f i -  
can t  po in ts  i n  a wind p r o f i l e ,  i f  they do not  f a l l  exac t ly  on a l e v e l  t h a t  
was recorded. Also, the f i l l e d - i n  h igh  and cases  of the s e r i a l l y  complete 
da t a  probably r ep resen t  the g r e a t e s t  e r r o r  source.  Perhaps RAWIN da t a  
record ing  maximum, minimum, and i n f l e c t i o n  po in t s  of t he  wind p r o f i l e  
would be a b e t t e r  form of da t a  f o r  the purposes of t h i s  s tudy.  

The technique used i n  t h i s  s tudy ,  t h a t  i s ,  using a va lue  of 
vec to r  wind shear  as a s tandard ,  f a c i l i t a t e s  machine processing of RAWIN 
da ta  and enables l a r g e  amount of da t a  t o  be condensed i n  t abu la r  form. 
This i s  a p a r t i c u l a r  advantage when RAWIN d a t a  a r e  t o  be i n v e s t i g a t e d ,  
s i n c e  the  data a r e  voluminous and some c r i t e r i o n  i s  needed t o  r e l a t e  
wind speeds,  a l t i t u d e s ,  and v e r t i c a l  th icknesses .  It i s  be l ieved  t h i s  
s tudy ind ica t e s  t h a t  the  c r i t e r i o n  of v e c t o r  wind shear  of t 5  m/sec per 
ki lometer  served t o  present  va luab le  and s i g n i f i c a n t  information regard-  
ing wind v a r i a t i o n s  around the  peak speed l e v e l  a t  Cape Kennedy, F lo r ida  
and Santa Monica, Ca l i fo rn ia .  
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99.9 99.9 

TABLE V I  

Cape Kennedy, F l o r i d a  
(1/56 - 12/61) 

Zero Shear P r o b a b i l i t y  

ANNUAL 

Zero Shear Peak Speed ( m / s e c )  

Depth 
(km) 40 50 60 70 

98.4 

96.8 

82.5 

80 

4 

3 

2 

1 

< 1  

99.9 

99.4 

98.4 

94.5 

68.8 

99.9 

98.3 

93.3 

72.7 

99.9 

94.6 

71.5 

99.9 

87.0 

qean level (km) of peak wind speed - 13 f o r  40 m/sec. 
12  f o r  50 through 106+ m/sec. 

:1 

1 

2 

3 

4 

5 

6 

77.0 

92.9 

97.3 

99.4 

99.9 

73.8 

94.6 

99.2 

99.9 

99.9 67.7 

95.7 

93.7 

96.2 

99.6 

Y Y . $  

99.9 

nn 

84.1 

98.4 

99.9 

94.7 

99.9 

95.7 

99.9 

99.9 

rota1 
I ep th  
(b) 

8 
7 
6 
5 
4 
3 
2 
1 

:1 99.9 

99.9 
99.8 
99.6 
98.7 
97.5 
94.5 
89.1 
76.9 
49.6 

99.9 
99.5 
98.9 
94.5 
93.1 
52.5 

99.9 
97.7 
95.4 
86.2 
54.6 

99.9 
96.8 
95.2 
68.2 

99.9 
82.6 
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TABLE VI1 
Santa Monica, C a l i f o r n i a  

Zero Shear P r o b a b i l i t y  

(1/56 - 12/60) 

ANNUAL 

Zero Shear Peak Speed (m/sec) 

-0 c 
.r( 
3 
4! 
rd 
a, 
PI 

a, 

P 
$ 
4 

- 

60 
-- 

99.9 

95.4 

77.9 

90 70 40 

99.9 

99.1 

98.3 

98.0 

96.9 

89.7 

70.4 

80 50 

99.9 

95.9 

89.1 

68.2 

~ 

99.9 

91.7 

~~ 

99.9 

50.0 

6 

5 

4 

3 

2 

1 

(1 

99.9 

95.5 

80.0 

Mean l e v e l  (km) of peak wind speed - 13 f o r  40 m/sec. 
12  f o r  50 through 106+m/sec.  

74.4 

94.6 

97.7 

98.5 

99.9 

75.0 

99.9 

99.9 93.3 

97.8 

99.9 

(1 
1 

2 

3 

4 

5 

6 

Total  
Depth 

(km) 

lo+ 
9 
8 
7 
6 
5 
4 
3 
2 
1 

< 1  

58.2 

86.7 

94.0 

96.6 

98.6 

99.2 

99.9 

81.4 

95.4 

99.9 

99.9 
99.4 
99.3 
99.1 
98.3 
97.2 
95.2 
93.2 
87.5 
73.8 
41.3 

~ 

99.9 
97.7 
91.5 
80.6 
49.6 

99.9 
98.9 
89.6 
61.6 

99.9 
97.8 
93.3 
75.5 

99.9 
66.7 

99.9 
50.0 
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This document has a l s o  been reviewed and approved f o r  technica l  
accuracy.  

n 
ti% U/&/ 

W. W .  Vaughan 
Chief,  Aerospace EnGironment Div is ion  

c 

E. D. Ge i s s l e r  
D i rec to r ,  Aero-As trodynamics Laboratory 
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TECHNICAL MEMORANDUM X- 5 345 2 

PROBABILITIES OF ZERO WIND SHEAR PHENOMENA 
BASED ON RAWINSONDE DATA RECORDS 

Lawrence E. T r u p p i  

George C. Marshall  Space F l i g h t  Center 

Hun t sv i l l e ,  Alabama 

ABSTRACT 

The term zero wind shear  is defined f o r  t he  condi t ion  where winds 
a l o f t  a t t a i n  speeds of 36 m/sec o r  higher and p e r s i s t  through a v e r t i c a l  
distance such t h a t  t he re  is maintained a vec to r  wind shear  i n  the  i n t e r -  
v a l  5 m/sec per ki lometer  between successive 1-ki lometer  l e v e l s .  

Data a r e  obtained from two R A W I N  observat ions per day f o r  s i x  years  
from Cape Kennedy, P l s r i d a  and four  RAWIN observat ions per day f o r  f i v e  
years  from Santa Monica, C a l i f o r n i a .  Both data decks were e d i t e d ,  
checked and s e r i a l l y  completed before  use. Resul ts  a r e  presented as 
graphs of zerc >hear  thickness  versus  peak wind speed, and as empir ica l  
p r o b a b i l i t i e s  of occurrence of zero wind shear  condi t ions  a t  a l t i t u d e s  
above and below the mean he igh t  of the l e v e l  of peak wind. P r o b a b i l i t i e s  
of t o t a l  depth of zero wind shear  axe alse presented.  

NASA - GEORGE C. MARSHALL SPACE FLIGHT CENTER 
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TECHNICAL MEMORANDUM X-53452 

PROBABILITIES OF ZERO WIND SHEAR PHENOMENA 
BASED ON RAWINSONDE DATA RECORDS 

SUMMARY 

The term zero  wind shear  is defined f o r  the cond i t ion  
a l o f t  a t t a i n  speeds of 36 m/sec o r  higher and p e r s i s t  t h r o  
d i s t a n c e  such that t h e r e  is maintained a v e c t o r  wind shear  
V a l  5 m/sec per  k i lometer  between successive l -k i lometer  

where winds 
gh a ver t ical  
i n  the  i n t e r -  
eve l s .  

Data are obtained from two RAWIN observa t ions  pe r  day f o r  s i x  years  
from Cape Kennedy, F lo r ida  and four  R A W I N  observa t ions  pe r  day f o r  f i v e  
years  from Santa Monica, C a l i f o r n i a .  Both d a t a  decks were e d i t e d ,  
checked and s e r i a l l y  completed before  use.  
graphs of zero  shear th ickness  versus  peak wind speed,  and as empir ica l  
p r o b a b i l i t i e s  of occurrence of zero  wind shear  condi t ions  a t  a l t i t u d e s  
above and below the  mean h e i g h t  of the l e v e l  of peak wind. P r o b a b i l i t i e s  
of t o t a l  depth  of zero  wind shea r  a r e  a l s o  presented .  

Resul t s  a r e  presented as 

I. IYTR-ODUCTION 

This  s t u i  i s  concerned w i t h  inves t iga t ing  t h e  th ickness  of b lun t -  
ness  of  ver t ica l  wind p r o f i l e s  i n  the atmosphere above and below the  
l rvel  c?f mximum speed. I n  a n  e a r l y  s tudy ,  R e i t e r  [l] used the term 
"Layer of Maximum Wind" (LMW) t o  descr ibe  a conditinn of small v e r t i c a l  
change of wind through t h e  a l t i t u d e  of peak s p e e d .  He def ined the  depth 
of  LElw as t h e  l a y e r  i n  which wind speed d i f f e r s  by l e s s  than  10 percent  
from the  mean wind of the  LMW, or  by about  20 pe rcen t  from the  peak speed. 
The mean wind of t he  LMW was defined as 90 percent  of t h e  peak speed. The 
LMW is  def ined  he re  as a depth i n  the t roposphere and/or  s t r a t o s p h e r e ,  
from 3 km t o  21 km, where a v e c t o r  wind shea r  i s  maintained wi th in  t h e  
limits k5 m/sec per  k i lometer  above and below a l e v e l  of peak wind speed 
of 36 m/sec o r  h igher .  This is a f i n e r  d e f i n i t i o n  of LMW than Reiter 's .  

Reiter l i m i t e d  h i s  LElw ana lys i s  t o  sounding wi th  mean l a y e r  winds of 
60 k t  (31 m/sec) o r  h igher  and t o  depths up t o  5 km s o  t h a t  j e t  stream 
p r o f i l e s  would n o t  become obscured. H i s  primary concern was  t o  employ 
the  LEN a n a l y s i s  t o  i n v e s t i g a t e  j e t  s t ream phenomena bo th  v e r t i c a l l y  and 
h o r i z o n t a l l y .  This  s tudy  w a s  motivated by the  need of des ign  c r i t e r i a  
f o r  space  v e h i c l e s  that must pene t r a t e  t he  atmosphere dur ing  condi t ions  
of v e r y  h i g h  winds a l o f t .  
t h i ckness  of t h e  LMW as represented by the  wind p r o f i l e  b luntness .  

This ana lys i s  provides  an i n v e s t i g a t i o n  of t h e  


